A critical appraisalis presentedof 11 clinicalchemicalmethodspresentlyavailable with the Beckman/SpincoUltramicro Analytical System. After certain modifications, the suggestedtechnics,with the exceptionof that for serum bicarbonateestimation, offer acceptablestandardsof accuracyfor clinicalwork.
THE RECENT DEVELOPMENT of an ultramicro analytical system by the Spinco Division of Beckman Instruments, Inc., makes available a range of common clinical chemistry procedures in a form that is space saving as well as economical in time and materials.
It was the purpose of this study to investigate and appraise the accuracy and reproducibility of these ultramicro technics and to compare them with the conventional microbiochemical procedures used in our laboratory for a number of years. The instrument assembly consists of a spectrophotometer, centrifuge, ultramicroburet, and a mixing device. An average sample of 20 l. is required for the estimation of serum chloride, calcium, bicarbonate, glucose, total protein and albumin, urea nitrogen, biirubin, cholesterol, uric acid, phosphorus, and creatinine. Reagents for each estimation with the appropriate Sanz semi-automatic polyethylene pipets are assembled in individual plastic containers.
Methods and Results
After a suitable training period in the use of the apparatus, an analyst subjected each procedure to the following examination.
Re-producibility was judged by setting up a series of about 20 determinations on a standard solution and, at the same time, a comparable series on a single test serum. All replicates were run by one analyst on the same day. There was no evidence that different analysts varied significantly in their competence. The results given in Table  1 are expressed in terms of the coefficient of variation* of the net absorbance of the test minus the blank and compared with those for the standard micro procedures in use in our laboratory. The coefficient of variation is a conventional expression; it represents only 68% confidence limits and should be doubled to give 95% confidence limits. Table 1 also gives the time required for tests by micro and ultramicro technics; there were no significant differences except for the estimation of calcium and total protein.
Linearity was confirmed up to levels shown in Table 2 . Recoveries of added standard were estimated where the method involved protein precipitation and in 2 other cases. In addition, comparative measurements were made on a small series of sera by ultramicro and micro technics. This was done to detect important errors in methodology and is discussed below in relation to the cholesterol assay (where the ultramicro procedure was shown to be unsatisfactory). Comparability was expressed for a small series of samples as the mean percentage difference between estimations by the ultramicro and micro methods.
Discussion

Apparatus
The microspectrophotometer will measure optical densities on 100-l. volumes of colored solution over the wave length range 400-650 m. However, with an optical path length of only about 6.4 mm., the absorbance reading of a test solution is proportionately less than with the conventional 10-mm. pathway of most other instruments. The absence of a mirror on the meter scale may introduce a significant parallax error in reading, and in earlier machines light could enter the cuvet and reach the photo cell, the output of which can vary slightly if the operator's shadow falls across the top of the cuvet well. Although these sources of error are individually small, combined with the slight but definite instability of the instrument and the small amount of color produced by certain reactions, they are a source of error for the unpracticed and, in our experience, make the estimation of urea by the diacetyl method unacceptable for routine clinical practice.
Centrifugation is satisfactorily carried out in a special "microfuge," with an automatic timer, for as many as 20 samples at a time in 15-30 sec. The motor accelerates to preset top speed almost at once and stops in only a few seconds.
The ultramicro buret proved reliable, having a delivery of 1 or 2 p.l. for 100 divisions, or one complete rotation of the diaL It seems well-designed, sturdy, accurate, comparatively trouble-free, and simple to maintain.
Two kinds of polyethylene pipets were available. The earlier type was extruded under pressure into moulds. Except where otherwise stated, these were used in this study. They did not prove completely unwettable, and in some methods, their use involved appreciable inaccuracy.
There is evidence, however, that a significant improvement in performance can be obtained by the substitution of the better quality drawn pipets. These latter are made from high-quality, uniform-bore, polyethylene tubing, the ends of which are drawn out under heat before individual calibration.
In Table 1 , this difference in performance is reflected in the results for estimations of urea by the diacetyl method and for estimations of uric acid. The drawn pipets are presently being supplied by the manufacturer to replace the moulded ones.
Methods
Serum Chloride
In this modification of the Schales and Schales titrimetric method (1), 10 l. of serum, standard, or blank; 80 l. of 0.03N nitric acid; and 80 l. of 0.1% ethanolic S-diphenylcarbazone in the microtitration cup are titrated against 0.1N mercuric nitrate in the microtitrator. The procedure is rapid, the end point is sharp, and the reproducibility is as good as the amperometric technic using a Cotlove chloridometer (2). The normal amount of titrant for serum is around 10 l. so that speed can be improved without loss of accuracy by doubling the strength of the mercuric nitrate solution in the microburet from 0.1N to 0.2N. The procedure can be simply adapted for sweat chloride as follows. Sweat is eluted from a 5-cm. diameter filter paper in an airtight plastic weighing bottle with 1.0 ml. 0.03N nitric acid. Then, 80 pl. of this eluate is pipetted into a titration cup, 80 l. of the 0.1% ethanolic S-diphenylcarbazone indicator is added, and the usual titration against 0.2N mercuric nitrate is carried out. In this procedure 80 l. of a 2 mEq./L. sodium chloride solution is used as standard.
SerumCalcium
This ultramicro adaptation of the calcium method of Diehi and Eflingboe (3), using calcein as the indicator, appeared to be a significant improvement on the murexide method (4). In this method, 20 p.l. of serum, standard, or blank; 100 l. of 1.25N potassium hydroxide containing 0.05% potassium cyanide; and 10 p.l. 0.025% calcein in 0.25N sodium hydroxide in the#{149} microtitration cup are titrated against an 0.372 gm./100 ml. aqueous disodium diliydrogen ethylenediaminetetraacetate solution in the microtitrator. The end
point is not entirely satisfactory in daylight or artificial light and should never be read in direct sunlight. It can be improved by using white fluorescent lighting and by observing from above against a black background.
By far the best arrangement, however, for ensuring a very sharp end point is to view it under ultraviolet light using glasses with polarizing lenses which show it as an abrupt disappearance of the green-white fluorescence.
Icteric and hemolyzed sera may depress the intensity of the fluorescence but will not impair the sharpness of the end point.
The method has the additional advantage of being very easily adapted for the estimation of calcium in urine. The phosphate is first precipitated by a morpholine nitrate-tungstate reagent (16) and allowed to stand for 1 hour. After centrifugation, 20 pi. is titrated as for serum. A reagent blank is also run.
Serum Bicarbonate
The proposed method for the estimation of serum bicarbonate is an orthodox titrimetric one in which 100 l. of 0.O1N hydrochloric acid is added to 10 l. of serum and backtitrated with O.05N NaOH, using 100 l. of 0.025% ethanolic phenol red as the indicator.
As might be expected, the straight titration of acid against alkali was accurately reproducible with a coefficient of variation of only 1.3%. For a serum with a mean bicarbonate value of 18.9 mEq./L., the coefficient of variation of reproducibility was as much as 8.5%, however. Inadequate stirring appeared to be a more important cause of irregular results than fading of the end point; but even with meticulous attention to this detail, reproducibility was poor. It is proper to add that the manufacturers have not sanctioned the general release of this procedure.
To improve the method, a number of permutations in the relative proportions of acid, serum, and ethanolic indicator solution were assessed; but these were uniformly unsuccessful.
For the present, it is stifi preferable to use the Kopp-Natelson microgasometer, into which the 30-l. samples can simply be drawn from the micro polyethylene tubes.
Other Titrations
The ultramicro buret can be adapted conveniently for other procedures, such as the estimations of ascorbic acid, serum lipase, and nonesterifled fatty acids (5). The methods subsequently to be commented on all utilize the No.
151 Beckman Spinco spectrocolorimeter, the technical limitations of which were defined earlier in this paper.
Serum Glucose
The original instructions for this glucose oxidase procedure did not include a deproteinization step. Moreover, only a single serum blank was proposed for a batch of tests so that substantial errors were frequently introduced when jaundiced or hemolyzed sera were used. Since it is often difficult to perceive minor degrees of either jaundice or hemolysis in the serum contained in the almost opaque polyethylene tubes, and also because of the inhibitory effect of Unprecipitated serum upon glucose oxidase (6), it was essential to adopt a protein precipitation step. Although the manufacturers have subsequently introduced such a procedure, which continues to use o-dianisidine as the chromogen, a more sensitive adaptation is the use of serum with o-tolidine as the chromogen.
This procedure is modified from that of Marks (5, 7) as follows.
Ten microliters of serum is pipetted into one of the 400-p.l. polyethylene tubes. To this is added 150 p.1. of 0.08N NaOll and 40 p.l. of 5% ZnSO4 7H20, these precipitants being of confirmed equivalence. The contents of the tube are mixed, allowed to stand for 5 mm., and spun in the microfuge for 30 sec., after which 100 p.l. of supernatant is transferred to a second tube. After incubating at 20#{176} for 3 mm., 250 p.1. of mixed enzyme reagent, also brought to 20#{176}, is added to a series of tubes at 30-sec. intervals; the contents of each tube are mixed. After keeping each tube at 20#{176} for 14 mm., the absorbance is read in the spectrocolorimeter at 625 mp.. Appropriate water blank and standards are run simultaneously.
The mixed enzyme reagent is prepared as follows: 8.0 ml. 0.15M, pH 5.0, acetate buffer; 0.05 ml. Fermcozyme 653-A; 0.5 ml. peroxidase solution (20 mg./100 ml. 0.15M, pH 5.0, acetate buffer); and 0.1 ml. 1% o-tolidine in absolute ethanol are mixed and made up to 10 ml. with acetate buffer.
Serum Total Protein and Albumin
In this method there was originally an error in the suggested ratio of biuret reagent to serum, as can be seen from Fig. 1 , which shows an abrupt flattening of the standard curve that starts just below the level of the standard.
This error can be circumvented by reducing the sample volume in the estimation of total serum protein; the 'Fermco Laboratories, Chicago 9, Ill. The determination of the albumin fraction by salting out with 25% sodium suiphite is satisfactory, although it obviously provides significantly less information than electrophoresis.
Serum
Urea Nitrogen
As may be seen in Table 1 , the initial urea method gave coefficients of variation of 17.0 and 14.4% for a given serum and for the standards, respectively.
The cause of this poor reproducibility lay in the combined error of many pipettings and the low resultant absorbance. Subsequently this method was improved by increasing the period in the boiling water bath and by the use of drawn polyethylene pipets. Even 80, in our bands, coefficients of variation of as much as 7.8% for serum and 6.9% for the standard were obtained.
This being so, an attempt was made to adapt a urease method (5) which appeared to offer a significantly enhanced degree of accuracy. This is carried out as follows. Into a 400-p.l. polyethylene tube, 10 p.l. of serum, water blank, or standard; 100 p.1. of ion-free water and 20 p.1. of urease (one Harleco urease tablet freshly suspended in 6 ml. of ion-free water) are pipetted.
The tube is stoppered, and the contents mixed and incubated in a water bath at 370 for 30 min.; 100 p.l. of 1.25% sodium tungstate and 20 p.1. of 0.41N sulfuric acid are then added. After this is mixed and centrifuged for 10 sec. in the microfuge, 100 p.1. of supernatant is transferred to a second tube before adding 100 p.1. of 0.05% aqueous gum ghatti and 40 p.1. of Nessler 's solution. After a final mfring, the color is read in the spectrocolorimeter at 445 mp.. The sensitivity of the method can be increased by reading at a shorter wave length.
Plasma Bilirubin
The estimation of plasma bilirubin gave results that were within acceptable limits for clinical work. As will be seen by the times given in Table 1 , however, this proved a cumbersome procedure.
In addition, 80 p.1. of serum is required, which makes it hardly an ultramicro technic. A minor criticism is that, although the standard in chloroform gave a molar extinction coefficient at 453 mp., not significantly different from the E of the Planstiehi 5283-A product, it contained a certain amount of insoluble and soluble impurity.
The method also ignores evidence that standards made up in chloroform give higher absorbancies than when made up as sodium bilirubinate in 5% albumin (9) . In these circumstances, there are advantages in using a specific absorption technic similar to that advocated by Eberlein (5, 10) .
In this procedure, total bilirubin is measured by adding 250 p.1. of 0.041M, pH 7.4, phosphate buffer (Na2HPO4 .71120, 0.765% w/v and KH2PO4, 0.174% w/v in water) to 10 p.1. of serum, mixing, and reading at 455 mp. and 575 mp.. The serum biirubin can then be calculated from the fomula test absorbance (455 mp.-575 mp.) X K = mg./100 ml. bilirubin.
The factor, K, depends on the extinction coefficient of the particular bifirubin standard, the depth of the optical path, and the spectral characteristics of the instrument and must be calculated for each laboratory.
For unconjugated bilirubin, 80 p.1. of pH 5.0 phosphate buffer (0.2 M NaH2PO4 adjusted to pH 5.0 with 5N NaOH) is added to 10 p.1. of serum; 250 p.!. of ethyl acetate AR is then added, and the tube is shaken vigorously on a vibrator for 180 sec. The ethyl acetate layer is aspirated and read at the same wave lengths as above. The calculation is similar; but the constant, K, is different and must again be worked out for particular standards, cells, and instruments.
Serum Cholesterol
The basic method employed for cholesterol is an acceptable and well-recognized one, in which dilution of the serum in acetic acid is OBRIEN El AL. Clinical Chemistry followed by protein precipitation, using acetic anhydride. Concentrated sulfuric acid is added to a portion of the protein-free supernatant to develop the green color. However, it was noticed that, in comparing given sera with a micro adaptation of the procedure of Carr and Drekter (11), the ultramicro technic gave values that were less than half those obtained by the former, as shown in Table 3 . It will be noted, too, that certain commercial control sera, as well as solutions of cholesterol in chloroform, gave correct values, and that others, again, were low. This suggests that the extraction procedure in micro tubes was at fault, a point that appeared to be confirmed by the rather small color depression obtained when the extraction was carried out with tenfold amounts in stoppered glass tubes, and with only the stage of color development performed in the micro polyethylene tubes. The ineffectiveness of the extraction, however, was not wholly due to the tube size, for values that were 11 per cent low were obtained using all-glass pipets and 50 X 6-mm. glass tubes. It would appear, therefore, that the use of polyethylene reagent bottles, tubes, and pipets must affect color development in some manner. For the time being, the best compromise is to store all reagents in glass bottles, to use glass tubes, and to calculate results against a control serum with a reliably known cholesterol content, such as Chemtrol or Hyland Clinical Chemistry Control Serum, which has been run in parallel with the test sera. From Table 3 it appears that, for the closest control of the extraction stage, the material used as reference must contain protein-bound cholesterol, and for this reason, Choles-trol and Versatol-A are not satisfactory. An attempt was made to adapt a ferric chloride procedure for the estimation of cholesterol to this system, but this was unsuccessful.
Serum Uric Acid
In this adaptation of the procedure of Caraway (12), 20 p.1. of serum, standard, or blank; 80 p.1. of 3.2% w/v sodium tungstate; and 80 p.1. of 0.2N sulfuric acid are pipetted into a 4OO-p.l. tube. Mixing and centrifugation are then done, after which 100 p.1. of supernatant is transferred to a second tube, and 20 p.1. of 10% w/v sodium carbonate is added. The tube contents are then mixed before and after the further addition of 20 p.1. of dilute phosphotungstic acid (10 gm. Na2WO4 . 2110, 80 ml. of ion-free water, and 8 ml. 85% phosphoric acid refluxed gently for 2 hours and then made up to 100 ml. with ionfree water and diluted 1:10 for use). After the mixture has stood for 30 mm., the absorbance is read at 650 mp. in the spectrocolorimeter. Poor reproducibility was shown with the moulded pipets. With drawn polyethylene pipets, satisfactory coefficients of variation were obtained for a standard and a serum. However, it was found that, while aqueous dilutions of the standard plus color-forming reagents gave a straight line calibration up to at least 10 mg./100 ml. (Fig.  2) , the addition of protein precipitants to the standards caused a pronounced curve with a maximum at about 8 mg./100 ml. The addition of 20 p.1. of 5% albumin or of a mixture of albumin and gamma globulin to each tube restored linearity.
Thus, although the uricase methods are more specific, the deterioration of the enzyme on stor- Clinical Chemistry age makes this colorimetric method an attractive alternative, provided the precaution is taken of using standard solutions made up in the presence of protein.
Serum Phosphorus
In this proposed adaptation of the method of Fiske and Subarrow (13), 20 p.1. of serum, standard, or blank is pipetted into a 400-p.l. tube and mixed with 50 p.l. of ion-free water. To this is added 80 p.1. of 10% w/v trichioracetic acid; and the contents of the tube are mixed again, allowed to stand for 1 mm., and centrifuged.
Then, 100 p.1. of supernatant is transferred to a second tube, 20 p.1. of 2.5% w/v ammonium molybdate in 4.2% v/v sulphuric acid is added, and the contents are mixed. Finally, 20 p.1. of aminonaphtholsulfonic acid is added (100 mg. 1-amino-2-naphthol 4-sulfonic acid dissolved in 100 ml. of 0.5% .w/v Na2SO8 in 14.6% w/v aqueous NaHSO3).
After this has been mixed and allowed to stand 30 min., the absorbance is read at 650 mp. in the spectrocolorimeter.
No particular comment is offered on the protocol for this method except to emphasize that the color should be read after a strictly observed time interval.
Serum Creatinine
This modification on the Jaff#{233} alkaline picrate procedure is the method in this system which suffers most from the slight instabifity of the spectrophotometer and the short optical path of the cuvet. In it, 20 p.1. of standard, blank, or unknown is pipetted into a 4OO-p.l. tube containing 30 p.1. of scater, and to this is added 80 p.1. of 3.2% w/v sodium tungstate and 80 p.1. of 0.2N sulfuric acid. The contents of the tubes are mixed and centrifuged.
After which 100 p.1. of supernatant is transferred to another tube to which is added 50 p.1. of alkaline picrate-1 part of 2.5N NaOH to 9 parts of 1.16% w/v recrystallised picric acid at pH 2.0. After this has stood for 20 mm. the absorbance is read in the spectrocolorimeter at 500 mp.. At this wave length the 2.0 mg./100 ml. standard gives a total absorbance of only 0.226, of which 61% is due to the blank. The small net optical density is thus very susceptible to error and as a result the first assessment of the reproducibility of the standard gave a coefficient of variation of 17.3%. In Fig. 3 and 4 , moreover, it is shown, as it has been previously (14) , that 520 mp. is the lowest wave length at which linearity up to 6 mg./100 ml. can be achieved.
At this wave length the blank 3ontrbutes proportionately less to the total color, and by using and Taussky (15) . In this modification, 40 p.1. of plasma is washed into 80 p.1. of ion-free water in a 400-p.l. polyethylene tube. Then, 40 p.!. of 5% w/v sodium tungstate and 40 p.1. of 0.33N sulfuric acid are added. The contents are mixed and centrifuged for 1 mm., after which 120 p.1. of supernatant is transferred to a second tube and 40 p.l. of 0.04M picric acid and 40 p.1. of 0.75N sodium hydroxide are added. After this has stood for 20 min. in the dark the absorbance is read in the spectrocolorimeter at 520 mp.. Both ultramicro methods probably measure interfering chromogens, for they gave higher resuits than did the corresponding micro method. The latter was one 
Other Procedures
The apparatus can also be adapted for the estimation in serum of bromsulphalein, copper oxidase, iron, methemoglobin, alkaline and acid phosphatases, thymol and zinc sulfate turbidities (5), transaminases, and hemoglobin.
Conclusion
It is evident that although this assembly of methods as a whole was neither particularly time saving nor accurate, the latter criticism can, in most instances, be met by the substitution of the newer drawn pipets. Certainly this system represents a significant technical advance. It is compact and convenient to use and for these reasons should offer improved potential to laboratories with limited space, to general laboratories attempting a better service for the pediatrician, and to those with small volumes of work.
Addendum
Further studies have shown that an ultramicro adaptation of the method of Zak (17) for serum cholesterol gives accurate results with a coefficient of variation of 3.71% for sera and 2.81% for the standard: 5 p.1. serum is added to 200 p.!. precipitating reagent (84 mg. FeC13 .61120/100 ml. glacial acetic acid). A blank and a standard are set up similarly, but using a diluting reagent (85 ml. precipitating reagent plus 15 ml. glacial acetic acid). After centrifugation, 150 p.l. of supernatant is pipetted into a 400-p.l. tube and brought to 80#{176} in a water bath. Then 100 p.l. concentrated sulfuric acid is added, the contents of the tube mixed, and the tube returned to the bath for 5 mm. After this has stood at room temperature for 10 mm., the colors are read at 560 mp. on the spectrocolorimeter. Improved reproducibility was obtained when each tube received individual rather than batch treatment.
Mixing after the addition of the last reagent is difficult but may be accomplished by inverting the tube so that the contents are displaced violently several times from one end of the tube to the other. A wave length of 550 mp. is preferable to 560 mp. for the latter is not on the plateau of the absorption spectrum.
The method is linear up to a value of 400 mg./100 ml., which also covers the optimal part of the spectrocolorimeter scale. A comparison study showed that the ultramicro method gives results which are, on average, 95.4 per cent of those given by the method of Carr and Drekter (11) .
